INTRODUCTION
Glucose is the major physiological regulator of plasma insulin levels (Ashcroft, Bunce, Lowry ei al. 1978) . Glucose stimulates the secretion of insulin from stored vesicles in the ß cells of the islets of Langerhans and the concomitant enhancement of the synthesis of insulin (Schuit, Kiekens & Pipeleers, 1991) and other secretory vesicle proteins (Guest, Bailyes, Rutherford & Hutton, 1991) . Acute stimulation of insulin synthesis by glucose occurs translationally (Permutt & Kipnis, 1972; Permutt, 1974; Itoh & Okamoto, 1980;  Itoh, Ohshima, Nose & Okamoto, 1982; Welsh, Scherberg, Gilmore & Steiner, 1986) , while prolonged exposure to elevated glucose levels increases transcription (Brunstedt & Chan, 1982;  Nielsen, Welsh, Casadaban & Steiner, 1985) and mRNA stability (Welsh, Nielsen, MacKrell & Steiner, 1985; Philippe & Missotten, 1990) .
Sequence and structural motifs in the untrans¬ lated regions (UTRs) of eukaryotic mRNA have both been associated with the regulation of trans¬ lation and mRNA stability (Hershey, 1991; Kozak, 1991a) . It is possible that cis-acting elements within the preproinsulin mRNA or nascent polypeptide may account for the observed effect of glucose on translation. Preproinsulin mRNA consists of a cod¬ ing region flanked by both 5' and 3' UTRs, the sequence and intronic organization of which are highly conserved in evolution. The functional sig¬ nificance of the conserved sequences (Bell & Pesca¬ dor, 1984) and secondary structure (Lomedico, Rosenthal, Efstratiadis et al. 1979 ) of the preproin¬ sulin mRNA 5' UTR remains undetermined.
The aim of the present study was to investigate specific protein-RNA binding within the 5' UTR using electrophoretic mobility shift assays and invitro u.v. crosslinking, on the basis that such interactions may be involved in the regulation of activity of preproinsulin mRNA.
MATERIALS AND METHODS

Cell lines
The cell lines used in this study were HIT T15, a hamster ß-cell line (Saniere, Cook, Crisel et al. 1981) , RINm5F , a ß-cell line derived from a rat insulinoma (Gazdar, Chick, Oie et al. 1980) , monkey COS-7 kidney cells (Gluzman, 1981) , hu¬ man HEP G2 liver cells (Aden, Fogel, Plotkin et al. 1979 ) and mouse NIH/3T3 fibroblast-like cells (Jainchill, Aaronson & Todaro, 1969 (Bradford, 1976) Strath- clyde, U.K.) for 15 min at room temperature, the samples were subjected to SDS-polyacrylamide gel electrophoresis (Laemmli, 1970) and autoradiography-RESULTS An examination of the 5' untranslated sequences of preproinsulin mRNAs from a number of different species (Fig. 1 ) demonstrated that the overall length and specific sequences are highly conserved. Each of the 5' UTRs were between 57 and 63 nucleotides in length, except for the sequence from dog which had a deletion of the first 11 nucleotides of the second exon. The 5' UTRs were interrupted by an intron in the pre-mRNA and, as noted previously (Bell & Seino, 1990) , the position of the splice junction was conserved, with the exception of the murine pre¬ proinsulin 5' UTRs which had the site translocated three bases further upstream.
In addition to the sequence similarities, the use of algorithms for determining RNA secondary struc¬ ture (Zuker & Stiegler, 1981) predicted the presence of a stem-loop structure in the 5' UTR of preproin¬ sulin mRNA for all the species listed in Fig. 1 
Rat (I) (Theil, 1990) ; (iii) multiple copies of the IRE in the 3' UTR of transferrin mRNA which affect the stability of the mRNA (Theil, 1990) ; (iv) an AU-rich motif in the 3' UTR which modulates the stability of c-fos, cmyc and GM-CSF mRNAs (Bohjanen, In-vitro u.v. crosslinking has been used to investi¬ gate numerous RNA-protein interactions including: (i) the composition of the heterogenous nuclear RNA-protein particle (Greenberg, 1980) ; (ii) the interaction of the poly(A) binding protein with the poly(A) tail (Moore, Chen & Whoriskey, 1988) ; (iii) proteins involved in the spliceosome (Wang & Pederson, 1990) and (iv) (Dreyfuss, 1986) . The RNAprotein particle is a dynamic multi-protein-RNA assembly, consisting of core RNA-binding proteins (Pinol-Roma, Choi, Matunis & Dreyfuss, 1988) and other specialized proteins which modulate the ac¬ tivity of the transcript. The RNA-protein particle acts to package and protect the RNA from RNAse degradation, but it also provides a framework facili¬ tating mRNA maturation in the nucleus and its translation in the cytoplasm. In the nucleus, the interactions with the spliceosome complex excise the introns via Ul small nuclear RNA recognition of the heterogenous nuclear RNA splice junction (Guthrie & Patterson, 1988) , while the AAUAAA motif in the 3' UTR enables the correct 3'-end formation and polyadenylation (Wickens, 1990) . In the cytoplasm, the mRNA-protein complex provides a framework so that the translation (Theil, 1990) and/or stability (Bohjanen et (Kozak, 19916 (Kozak, 1989) . Thus, the stability of the structures in the 5' UTR can be correlated to the translational efficiency of a particular mRNA (Pelletier & Sonenberg, 1985) . The (Pelletier & Sonenberg, 1985; Kozak, 1989) (Praz, Halban, Wollheim et al. 1983; Gold, Qian & Grodsky, 1988) implies that the secondary structure alone does not provide a sufficient explanation for the sensitivity of preproinsulin mRNA translation to changes in glu¬ cose concentration. An additional possible expla¬ nation for the conservation of a stem-loop structure in the 5' UTR of preproinsulin mRNA is that it may stabilize the mRNA after the excision of the 5'-UTR intron, a consequence of which is that the splice junction (Guthrie & Patterson, 1988 ) is located on the 3' side of the stem-loop structure.
The combination of the mobility shift and u.v.-crosslinking data has highlighted the region from -21 to -50 of the human preproinsulin mRNA 5' UTR as a site for sequence-specific interactions. This sequence corresponds to the 5' side of the stem-loop (Fig. 2) 
